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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: Jean-Michel Daga et al. 



PATENT APPLICATION 
group Art Utdt? 2$16 
Examiner: A-Q. Tra 
Atty. Docket No. : ATM-276 



serial tfo-: 10/810,033 

Fijed! March 26 , 2004 
conf innatioti No, : 8-427 



For: HIGH EFFICIENCY r LOW COST., PUMP CIRCUIT 



DECLARATION OF PRIOR INVENTION IN WTO COUNTRY TO OVERCOME 
CITED PUBLICATION 137 .C-F.R* § 1-131} 



1. Thlb declaration is to. .establish conception of the 
invention Of, U.S. Pateht- Application N6,; 10/810/033 prior to 
September 24 4 2003 f the effective filing date: of u.';S. Patent 
Application Publication No. 2Q04/Olo47fel ? a reference cited fcy 
the examiner i?i aji Office action regarding U-S. Patent 
application .Wo, iq/biq,o33. 



2* Jeaia-Michel Paga and Emmanuel Racape are the named 
inventors of U,Sv Patent Application. No. 10/810,033, "High 
Efficiency, Low -Coat r Charge Pwop Circuity filed March 26, 
2Oj04i in the u.S, Patent and: Trademark Office. 



3 . Jean-Michel Daga and Emmanuel Racape, disclbsed the 
invention in an invention disclosure form submitted to Atmel 
Corporation's legal department on August 14, 2003. A cepjf of 
this invention disclosure form is attached as Exhibit a. 



All inventive acts described in tjtia French ^nd U.S. 
patent applications took place in France, a WTQ country- 
Patent drafting activity by Atmel corporation's legal counsel 
took place in the United States. 
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5. As a person signing below, I hereby declare that all 
statements made herein of my own knowledge are true, and that 
all statements made oxi information and belief are believed to 
be true. These statements wete made with the knowledge that 
willful false statements and the liJce so made are punishable 
by fine or imprisonment or both, under Section 1&01 of Title 
IB Of the United States code, and that such will,ful false 
statements may jeopardize the validity of U.S. Patent 
Application 10/81.0,033 or any patent iesv^d thereon. 



Signature 





Attachments;, exhibit A 
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HINT (i 



ATMEL CORPORATION: INVENTION DISCLOSURE AUG 1 4 2003 
ATTORNEY CLIENT COMMUNICATION 

It^^piStary information ATMEL LEGAL DEPT. 

Page -1 - 



T TITLE OF INVENTION (short «nd descriptive): 



II. INVENTOR(S) INFORMATION:' 
A. Inventor No. I: 

ALL — ■ IT ~~ " TW l^nmp 



FuU First J 

T^AAlCg- — _ — 



Country of Citizenship 



Post Office Address (If different from above.) 

t&Jdsd^ — 

"^"^BurinessC^ntact Information: Complete Address 
B. Inventor No. 2: 

faW—— — — 2*^fi£ 

+ — *' cum^jio Mnmp Last i> a 



FnllFirrtN.rne Full Middle Name UMNam. 

^5^^^ Street No. City ' County State *.p 



If additional inventors, attach additional page. 
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ATMEL CORPORATION: INVENTION DISCLOSURE 
ATTORNEY CLIENT COMMUNICATION 
ATMEL PROPRIETARY INFORMATION 

Page - 2 - I 

Ram c £ _ . . - ■ — 

Country of Citizenship 

Post Office Address (Jf different from above.) 

P^sJUhJmMI^^ &OU£ l — 

Business Contact Information: Complete Address 

Office Tel. No.: Office Facsimile No. E-Mail 'Address V 

C Inventor No. 3: 

"Full First Name ~ ~~ Full Middle Name Last Name 

Residence Address: Street No. City County State Zip 

Country of Citizenship 

Post Office Address (If different from above.) 

Business Contact Information: Complete Address 

Office Tel. No.: Office Facsimile No. E-Mail Address 

D. Inventor No. 4: 



Full First Name 



Full Middle Name 



Last Name 
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ATMEL CORPORATION: INVENTION DISCLOSURE 
ATTORNEY CLIENT COMMUNICATION 
ATMEL PROPRIETARY INFORMATION 
Page -3 - 



Residence Address: Street No. City 



County 



State 



Zip 



Country of Citizenship 



Post Office Address (If different from above.) 



Business Contact Information: Complete Address 



Office Tel. No.: 



Office Facsimile No. 



E-Mail Address 



E. Inventor No. 5: 



Fall First Name 



Full Middle Name 



Last Name 



Residence Address: Street No. City 



County 



State 



Zip 



Country of Citizenship 



Post Office Address (If different from above.) 



Business Contact Information: Complete Address 



Office Tel. No-: 



Office Facsimile No. 



E-Mail Address 



in. BRIEF DESCRIPTION OF THE INVENTION: (One or two concise paragraphs.) 
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aTMEI COKPORATION: INVENTION DISCLOSURE 
ATTORNEY CLIENT COMMUNICATION 
I^JSSOWWTAKY INFORMATION 
Page - 5 - 

r „ 1DM «T.O»»A,»* WHERE, WHEN AND TO WHOM (Specify and 

J^SSSl—- a— *i fir* 



SSL.* r.U.ng.n »* off" for »f « -"»•)= 



F. ff Tn« Inv.nfl.n Is EmbodM T» An AH*"** »^^S|?lSS TO 



O If The .»„.«.. Bss No. » Priced (Experimental Or jta A Larger SC., Wne. I s U. 

r^^^^^, MUST t. . W »-»|-— <*— ■ ' « 

you can obraii. from the Legal Department. j 
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Hi"h efficiency, low cost charge pum&> circuit 



Previous art 

Charge p UmP circuits are used to = ^ ^^2^ 
supply, or a voltage * in analog circuits in order to 

EEPROM mcmoncs, but are gaining more aj» f appfoach tf ^ 

increase the dynamic ^^^%^J^A circuitry lis given in Figure 1. Each 
Dickson charge pump, which switc kg a djode These transitors 
stage is made of a capacitor and a NMOS W e tta n sto ^ ^ ^ ^ stage 

have their bulk connected to ^^^^^^ ne x« stage. Two inverted phase 

capacitor, and their source connected to VdD_vT ^ is the thTesh ° ld 

clocks are used, and the rnaxirnum advanced technologies the 

voltageof the NMOS ^^^tXST!^, Ac body effect that 
pumping efficiency of such ^S^^^Ween their source and 
increases the threshold voltage of the N^OS devices w^ Another important drawback 

- votS !-l a maximum drop of 

improvements to the bas.c Dicksor istnicture >have 
degradation due to the threshold ** to 

four phase structure of [1] is a very etticent i appro v , y er 

threshold voltage. 9V output is obtained usmg j te ^J^,* ^ not usab]e on 
supply. Anyway, high voltage f ^.^U JJ^'^X voluge transistors, using 
standard CMOS process. A ^^^^^X ™" "echno.ogy are used, 
two phase clocking scheme [2]. However, jnmus "±-3^ t0 standard CMOS 

keeping the need of additional masking and process steps compared 

pr0ceSS ' -.™ ft f th* nresent invention alleviates all the limitations of the 

The charge pump circuitry of the ^ present mv«w» g and 

previous solution.. there is no ^^^^^ithout any restriction such 

body effect on NMOS dev c ^ ow J^ o{ ^ t inve ntation is to use PMOS devices 

s r,£^ — r p on thc transistors lower 

than VDD. | 



VDD 



1 stage 



— Nl ^ — M0 




N2 

CI "JC2 
Figure I. Dickson charge pump 



l 

/ 
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Description of the proposed invention 
First (and preferred) implementation 



a 



The Figure 2 describes the basic stage of the proposed charge pump invention. This is 
symmetrical structure composed of 6 low voltage PMOS devices (tf l, P2, P3, P4, P5, P6), two 
boosting capacitors (Cp^pi and C pump 2) and two auxiliary capacitbrs (C uyx , and C 0 ox2). Each 
device and its symmetrical counterpart are identically sized. A Njstage charge pump can be 
obtained by cascading N basic stages, as shown in Figure 3. The fc^r ghases necessary for the 
correct operation of the structure are described on Figure 4. Thfe clock signal variation is 
between 0 and VDD. Assuming Vin at the input, basic operation of the pump stage 
components is as follows: Cpumpl (Cpump2) is a large coupling capacitor used for the basic 
charge pumping operation. P2 (P5) device is used to transfer the jcharges from the pumping 
node pumpl (pump2) to the output, and prevent reversal current feedback from the output to 
the pumping node. PI (P4) is used to connect the pumping node pUmpl (pump2) to the input 
Vin when Cpumpl (Cpump2) is not pumped, that is to say when £>1 (02) is low. P3 (P6) is 
used to switch the gate of PI (P4) to the boosted pump node potential in order to prevent 
reversal current feedback to the input when Cpumpl (Cpump2) is boosted. Auxiliary small 
capacitor Cauxl (Caux2) is used to generate an under-shoot on tht gate of PI (P4) and have 
this device ON when the charges are transferred from the input td the pumping node pumpl 
(pump2). 

i 

Detailed description of the first implementation in steady state j 

l 

In steady state, pumping node netpumpl (netpump2) varies froth Vin to Vin + Crl.VDD 
where Cr 1= 1/(1 +Cpar) /Cpumpl). Cparl is the total parasitic capacitance at node netpumpl, 
due to PI, P2, P3 and P5 devices. Assuming that Cpumpl»Cpaijl, Crl is very closed to 1, 
resulting in an approximated variation of the pumping node between Vin and Vin+VDD. The 
auxiliary node netauxl (netaux2) switches to Vin+2VDD during the pumping of node 
netpumpl (netpump2) thanks to the P3 (P6) device ON. At the end) of the pumping operation, 
<J>1 «t>2) goes low, netpumpl (netpump2) and netauxl (netauxi) decrease to Vin. Then, 
Olaux (<3>2aux) switches low to drive the auxiliary node netauxl (netaux2) below Vin and 
turn PI device ON. The potential at node netauxl (netaux2) during the under-shoot is equal 
to Vlow ? where VIow = Vin - Cr2.VDD, where Cr2=l/(l+Cpar2/tCauxl). Cpar2 is the total 
parasitic capacitance at node netauxl due to PI and P3 devices. The condition to be respected 
to achieve a correct functionality is Cr2.VDD>Vt, where Vt is the| threshold voltage of the P 
device. 

Detailed description of the pump stage operation during one period! can be done starting from 
the following initial conditions: <E>1 and <E>laux are low, <i>2 and <b2aux are high. Nodes 
netpump2 and netaux2 are to Vin+VDD (assuming Crl = l to simplify), netpumpl is to Vin 
and netauxl to Vlow. Now Olaux switches to VDD ? netauxl rises^ from Vlow to Vin thanks 
to the Cauxl coupling capacitor. Then the clock Ol switches to VcId, netpumpl node rises to 
Vin+VDD, as well as the node netauxl which is connected to netpumpl through P3 device. 
At the next phase <3>2 goes low, switching netpump2 node to Vjn, as well as netaux2 through 
P6 device. Because netpump2 is now to Vin ? P2 device turns ON arid charge transfer from the 
pumping node netpumpl to the output occurs. Because Pi and P5 have their gate connected to 
Vin+VDD, they are OFF and there is no reversal charge transfer. During the last phase, 
<I>2aux goes low in order to switch netaux2 to Vlow and turn P4 (bN to transfer the charges 
from the input to netpump2 node that will be the next pumped node. During the first half 
period charges are transferred from the netpumpl node to the output, and from the input to 

! 
t 
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! - 1 Ko\f neriod can start 
„ „ transfer is completed, the symmetrical aecon haK p ^ 
netpumpi When charge transfer^ is J fom vlQW to v „. Then ^2 P 

by Pitching *2aux h 1 6h m orier »m by ^ „ ^ ON ^ 

boost nc.pum P 2 and aux2 to W hase co „ MS ,s|m sw.tchmg ^ 

charge transfer from netpump to the o p ^ n<jw fl g fro „ the P 

tA, ON During this ^seco dh ^ purapcd node netpumpp «o t^t ut ^ ^ ^ 
„e« pumped node nelpumpl. ™ ^ voU a 8 e gain of the stage ts fr ^ 1 -VDD a ^ 
The ^"^^ZtZ of *e devices and capac„or f , m order 

/very important during the pump operation.! Moreover rhc 

t^SlI>^lnfb, cascading hasie stagei as ^-^^ 

,0.6V output voltage has ^been ob _ ^ 0 fVDD average ga.n per stag 

with a power supply of IV. 1 toS rep ■ 
structure. i 

i 

Second implementation I nOS s.b.e Figure 5 

structure of Figure 2 ts mat „ e realization using this basic stag 

Sccfed to V,n. On the Z pumping operation on tbenode 

P6 device when the -^"JE fust implementatton. 

compared to the first implementation. | 
Advantages of the proposed invention j 
Both structures 

ct*crr>- no degradation due to the tl 
Preferred implementation (first structure) j ' „ 

compatible with a CMOS standard process. . 



threshold voltage, gain per stage limited by 
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Vin 




Figure 2. Basic pump stage of the first implementation 



<P2 4>2 a 



<P2 <P2„ 



<P2 *2„ 



<P2 <P2 a 



Stagel 
IN OUT 



Vin+C rl V DD 



Stage2 
IN OUT 



01 <PJ„ 



T 



Vin+lCriVci) 



J 








StageJV 


Vin+NC fl V DD 


IN 


OUT 




IN 


OUT 





7 <t>l e 



Figure 3. First implementation of the charge pump using basic stage of Figure 2 



4>1 



#2 



<t>2 a 



Figure 4. Clocking scheme 
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<fi2 
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ctrloal2 . 
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OUT- 
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ctrloutl . 
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i, ; 

Figure 5. Basic pump stage of the second implementation 
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crrlin! crrlouil 



02 <P2 a 





ctrliTi2 


ctr1out2 


Vin+CnV^ 


IN 


OUT 








ctrloutl 







02 02 e 



ctrlin2 ctr!ouf2 

IN OUT 

ctrlinl ctrloutl 



^ I/Zl <J 1 



crrtin2 ctrlou(2 

in oinf^ in + NC,iVnn 

ctrlinl crrloml 



Figure 6. Second implementation of the charge pump using bjisic stage of Figure 5 
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